Background: Platelet-derived microparticles (PMPs) are small vesicles that are released from the plasma membrane upon platelet activation, which are then involved in haemostasis, vascular health, and have recently been shown to be intimately involved in immune responses. Aims and Objectives: We aimed to evaluate the level of plasma Platelet-derived micro particles in children with JIA and to assess the relationship between PMP levels and disease activity in JIA. Materials and Methods: Children with JIA who fulfilled the International League of Associations for Rheumatology (ILAR) classification criteria for juvenile idiopathic arthritis were included. They were categorised into active disease group and inactive disease as assessed by Wallace criteria. Samples were run in Navios flow cytometer (Beckman Coulter). Platelet microparticles were identified by MPs positive for both Annexin V and CD41 antibodies. Results: Out of 26 children with JIA, 12 had active disease group and 14 had inactive disease as assessed by Wallace criteria. Mean PMP level was 83507 cells/µl and 34904 cells/µl in active and inactive disease respectively (P = 0.06). There was no significant correlation between PMP and CRP levels (P = 0.75 and r = 0 .102) or PMP and ESR levels (P = 0.56 and r = -0.186) in JIA children with active disease. Conclusion: PMP levels were significantly elevated in disease activity of JIA and could represent a new biomarker reflecting the state of cell activation in JIA. PMP role in the inflammatory processes needs to be further elucidated.
Introduction
Platelet-derived microparticles (PMPs) are small vesicles that are released from the plasma membrane upon platelet activation. These membrane vesicles, ranging in size from 0.1 to 1.0 µL, are shed by platelets after stimulation with physiological agonists such as thrombin or collagen [1, 2] or in response to high shear stress. [3] PMPs are involved in hemostasis and play a role in the regulation of immunity. In addition to procoagulant functions, several studies suggest a role of PMPs in inflammatory processes during vascular pathogenesis. [4] Several studies have reported the increased level of platelet-derived microparticles (PMPs) in inflammatory diseases such as rheumatoid arthritis (RA), spondyloarthritis, systemic lupus erythematosus (SLE), antineutrophil cytoplasmic antibody-associated vasculitis, and inflammatory bowel disease, in which the increase in MPs is associated with disease severity. [5] Secretory phospholipase A2 (sPLA2) activity, which is derived predominantly from activated platelets are significantly increased in both the synovium and serum of RA patients compared with healthy controls (HCs) and is also correlated with disease activity. [6] SPLA2 catalyzes the synthesis of arachidonic acid from phospholipids. Subsequently, arachidonic acid is converted by cyclooxygenase-2 (COX-2) into prostaglandins, which are essential for the development of inflammation. The activation of both COX-2 and sPLA2 is linked to platelet-activating factor (PAF), which is synthesized by various cells, including platelets. PAF is present in the synovial fluid of RA patients, and administration of a PAF receptor antagonist significantly reduces inflammation. [7, 8] Plasma levels of soluble P-selectin are elevated in RA patients compared with controls. [9] Thus, sPLA2, PAF, and P-selectin are all associated with RA as well as with platelet activation. Since in various clinical conditions, platelet activation results in the production of MPs, PMPs may also play a role in the inflammatory processes of RA a prototype inflammatory arthritis, and a similar picture is expected in juvenile idiopathic arthritis (JIA) which is the most common chronic rheumatologic disease in children.
In summary, several observations support the theory that PMPs are involved in the inflammatory processes of rheumatic diseases. No such studies are done in children with JIA. Until now, major studies are done in adult population with RA, and there is a scarcity of studies done in children.
JIA encompasses a complex group of disorders comprising several clinical entities with the common feature of arthritis. Assessment of disease activity in JIA typically includes measurement of inflammatory markers in peripheral blood, including either the erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP). [10] Both of these inflammatory indices have low sensitivity and specificity, because they can be raised for many reasons other than JIA activity and in some children do not closely mirror disease activity. Several autoantibodies are already in widespread use as biomarkers in routine care of JIA, such as rheumatoid factor (RF), and anti-nuclear antibody. [11, 12] The pro-inflammatory S100 proteins, S100A8/9 (also known as calprotectin or myeloid-related protein [MRP 8/14] and S100A12, have been described to be sensitive measures for disease activity in JIA, and both correlate well with physicians' assessment of disease or with actively inflamed joint. [13] [14] [15] Studies on ankylosing spondylitis (AS) also demonstrated the significance of circulating endothelial MPs (EMPs) and platelet MPs levels with disease activity. [16] However, the standardization of the measurements and the detailed procedures for assay and dilution of serum samples from a wide range of patients, with varying disease activity, are nontrivial, complicating implementation of such a test in routine clinical care. However, there is no indisputable gold standard or biomarker for determining the stage of disease activity in JIA till now.
In JIA, there are currently no validated pediatric biomarkers available to help with setting up a more tailored approach on which drug choice could be based, to achieve remission early in the course of disease. Despite the huge potential of pediatric biomarkers, for JIA, there are currently no validated pediatric biomarkers available to help in setting up a tailored or "personalized" approach on which drug choice can be based. Hence, our study is one of the initial ventures to know the role of PMP, in pediatric population with JIA. Hence, we evaluated the level of plasma PMPs in children with JIA and their relationship with disease activity in JIA.
Methodology
Children with JIA were recruited consecutively after obtaining informed consent from the parents and assent from children above the age of 7 years, from the Paediatric Rheumatology Clinic of Christian Medical College, Vellore, for a period of 12 months for inclusion in this descriptive, cross-sectional study. The inclusion criteria were children with JIA who fulfilled the International League of Associations for Rheumatology (2001) classification criteria for JIA [17] and the exclusion criteria were children with JIA with use of anticoagulants and/or corticosteroids. Children with JIA with active disease who had active joint involvement, elevated ESR and CRP were the cases (Group I) and children with inactive disease who had no active joint involvement and ESR and CRP within normal limits for age served as controls (Group 2) as assessed by Wallace criteria. [18] Automatized complete blood count and serum analysis were carried out for all the participants. All patients gave informed consent and the study was approved by the Institutional Review Board (IRB) of Christian Medical College, Vellore (IRB No. 8730).
Platelet microparticle estimation
Platelett-free plasma (PEP) was Prepared by centrifugation of citrated whole blood at 2500 G, twice for 15 min. PFP was separated and stored at −80°C until used. When needed, PFP was thawed in a 37°C water bath before use. Procedure: 30 µl of PFP was incubated with 5 ul of fluorescein isothiocyanate-conjugated annexin V (Beckman Coulter) and 5 ul of phycoerythrin-conjugated CD41 (Biocytex, Marseille, France) monoclonal antibodies for 15 min at room temperature. Thirty microliters of counting beads (Biocytex, Marseille, France) were added to estimate the MP counts. About 500 ul of Annexin V binding buffer (with calcium) was added to the tube. Samples were run in Navios flow cytometer (Beckman Coulter). The procedure of differential lysis was not followed in this study. [19] Forward scatter and side scatter were set as a logarithmic gain, and Megamix-Plus FSC (Biocytex, Marseille, France), containing a mix of fluorescent microbeads of various diameters (0.1, 0.3, 0.5, and 0.9 µm), was used for initial settings and before each experiment to measure MPs, as an internal control. Gates were then set to include events between 0.3 and 1.0 µm with exclusion of background corresponding to debris usually present in buffers. Platelet MPs were identified by MPs positive for both Annexin V and CD41.
Statistical analysis
All categorical variables were presented using the frequencies and percentages. For continuous variables, results of descriptive statistics were expressed as mean ± standard deviation and median (range). Comparisons of continuous variables were carried out using Student's t-test or Mann-Whitney test; for categorical variables, the Chi-square statistics was used. Continuous variables were described as median and interquartile range, and categorical variables as absolute and relative (%) frequencies. Nonparametric tests (Mann-Whitney) were used to compare the values of PMPs in the various groups. Since data were not normally distributed, Spearman's test was applied to correlate the number of PMPs with disease activity. All data were expressed as the median (range). Two-sided P < 0.05 was considered statistically significant. Data analysis was done with SPSS (version 17.0, SPSS Inc., IBM corporation, USA).
Results
A total of 26 children were recruited during the study period. Baseline demographics and blood investigations recorded were analyzed. Children with JIA were divided into two groups. Group I was JIA children with active disease (n = 12) and Group 2 was JIA children with inactive disease (n = 14) as assessed by Wallace criteria. [18] The median age of JIA patients was 9.5 years in active disease group and inactive disease group was 10 years. Between JIA groups, there were no differences in age, sex distribution, disease duration, or types of JIA [ Table 1 ]. Out of 12 children with active disease, 6 (50%) had oligoarticular JIA followed by 4 (34%) had systemic arthritis and 1 (8%) each of polyarticular RF + and polyarticular RF-JIA. Out of 14 children with inactive disease, 6 (43%) had systemic arthritis followed by 3 (22%) each for enthesitis-related arthritis and oligoarticular JIA followed by 2 of polyarticular RF + JIA [ Table 1 ].
Platelet counts were higher in JIA patients, especially those with active disease. The number of PMPs was higher in JIA patients with active disease than in controls. Patients with active JIA had more PMPs than did patients with inactive JIA, but this difference was not statistically significant (P = 0.06) [ Table 2 and Figure 1 ].
Receiver-operating characteristic curve analysis was applied to determine the best cutoff value of serum PMPs in distinguishing active from inactive JIA. The area under the curve was 0.744, and the optimum cutoff level was 24501 cells/µL [ Figure 2 ].
The PMP count did not correlate with the platelet levels, CRP level, or the ESR. There was no significant correlation between PMPs and platelets level in JIA children with active disease (P = 0.21 and r = 0.389). There was no significant correlation between PMPs and CRP levels in JIA children with active disease (P = 0.75 and r = 0.102). There was negative correlation between PMP and ESR levels in JIA children with active disease (P = 0.56 and r = −0.186). 
Discussion
This is a cross-sectional study done in the pediatric population, which demonstrates that PMP levels are higher in JIA children, but its correlation with disease activity was not statistically proven in our study. Most of the studies on the role of platelet MPs in autoimmune disease were on the older population. The role of PMPs in inflammation is further supported by the observation that they can activate neutrophils. [20] Moreover, PMP formation can be initiated by complement factors, which probably also play a role in rheumatic disease. [1] There was no significant difference in platelet levels between the two groups studied, although there was a trend toward higher platelet counts in patients with active JIA than in children patients with inactive JIA. This contrasts with earlier studies that demonstrated elevated platelet counts in patients with active disease. [21] Perhaps, the number of participants in the present study was too small to allow detection of significant differences. A higher number of PMPs per platelet rather than a higher platelet count, or differences in their production rate and/or clearance, may also be responsible for the higher PMP numbers in patients with active JIA.
In 2002, Knijff-Dutmer et al. [22] demonstrated that elevated levels of platelet MPs are associated with disease activity in RA. This cross-sectional study carried out among 19 RA patients and 10 HCs states that level of platelet MPs is significantly elevated in active RA patients when compared to inactive patients and HCs. This result confirms the hypothesis that PMPs are involved in the inflammatory process of RA. Their results were similar to the present study. As our results, this study also did not show any positive correlation between PMP level in JIA children with active disease and ESR, CRP, or platelets.
Sellam et al. [23] measured plasma levels of total, platelet, and leukocyte MPs by prothrombinase capture assay and flow cytometry in 43 patients with progressive systemic sclerosis (pSS), 20 with SLE, and 24 with RA and in 44 HCs. They concluded that plasma MP level is elevated in pSS, as well as in SLE and RA, hence could be used as a biomarker reflecting systemic cell activation. In 2012, Sari et al. [16] evaluated the profiles of EMP and platelet microparticles (PMP) in men with AS and healthy individuals. They also aimed to determine whether MP correlate with disease activity, function, and spinal mobility indices. Correlation analysis revealed no correlation with Bath AS Disease Activity Index, Bath AS Functional Index, or Bath AS Metrology Index. CRP was significantly correlated with PMP and CD42a−/CD31 + EMP (P < 0.05). As our cohort had very few numbers of children with ERA, such comparison was not done.
Michael et al., [24] demonstrated higher levels of Annexin-V + MPs in both plasma and synovial fluid of RA versus osteoarthritis patients, suggest a role for MPs in the pathogenesis of RA. Rodríguez-Carrio et al. [25] analyzed MPs counts in RA patients. Absolute MP number was increased in RA patients compared with HC and positively correlated with traditional cardiovascular risk (CVR) factors, similar to that of CVR patients. In addition, frequency of the different MP subsets was different in RA patients and significantly associated with disease features. In our study, we were able to demonstrate that PMPs correlate with active disease.
We consider that heterogeneity of JIA is a major limitation for our study. Ideally, serial samples in same children would have been done at follow-up. Comparisons based on sequential sampling may have provided additional information on the accuracy of these markers. Our study was performed in a relatively small number of patients in a single unit. A multicenter study would be necessary to confirm these results. We also did not have normal levels of PMPs in healthy children which could be used as a control group.
Each subtype of JIA is characterized by a different mode of presentation, disease course and outcome. It might be one of the difficult challenges of the study in a pediatric population of JIA. In our study, there was difference in the types of JIA in both comparing groups, which might have an impact on the results, thus making the comparison between different studies difficult and emphasizing the need further researches.
Conclusion
We demonstrate that the level of circulating PMPs is significantly elevated in children with active JIA compared to inactive JIA. However, since the level of PMPs increases in children with active disease, the interest of using PMP levels for monitoring disease activity will be useful for physician. Additional studies of function are required to understand the involvement of PMPs in signaling pathways of remote cellular cross-talk in autoimmune diseases. Increased PMPs are seen in children with JIA and are associated with disease activity. Their role in the inflammatory processes needs to be further elucidated.
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